Background: Sedentariness is an important risk factor for poor health. The main objective of this work was to examine the prospective association between television viewing time and indicators of physical function, mobility, agility, and frailty. Methods: Data came from two independent cohorts of community-dwelling older adults: the Seniors-ENRICA (n = 2392, 3.5 year follow-up), and the ELSA (n = 3989, 3.9 year follow-up). At baseline, television viewing and other sedentary behaviors were ascertained using interviewer-administered questionnaires. In the Seniors-ENRICA cohort overall physical function at baseline and follow-up was assessed using the physical component summary (PCS) of the SF-12 Health Survey. Measures for incident mobility and agility limitations in both cohorts were based on standardized questions, and incident frailty was measured with the Fried criteria. Analyses were adjusted for the main confounders, including physical activity at baseline. Results across cohorts were pooled using a random effects model. Results: Lower (worse) scores in the PCS were observed among those in the highest (vs. the lowest) tertile of television viewing time (b-coefficient:-1.66; 95% confidence interval:-2.81,-0.52; p-trend = 0.01). Moreover, the pooled odds ratios (95% CIs) for mobility limitations for the second and third (vs. the lowest) tertile of television viewing were 1.00 (0.84, 1.20) and 1.17 (1.00, 1.38); p-trend = 0.12, respectively. The corresponding results for agility limitations were 1.18 (0.97, 1.44) and 1.25 (1.03, 1.51); p-trend = 0.02. Results for incident frailty were 1.10 (0.80, 1.51) and 1.47 (1.09, 1.97); p-trend = 0.03. No association between other types of sedentary behavior (time seated at the computer, while commuting, lying in the sun, listening to music/reading, internet use) and risk of functional limitations was found. Conclusions: Among older adults, longer television viewing time is prospectively associated with limitations in physical function independently of physical activity.
Background
Aging comes with a decline in most physiological systems culminating in limited physical capacity. According to the 2004 Survey of Health, Ageing and Retirement in Europe, around 43% of European men and 60% of European women aged ≥50 years reported at least one limitation in mobility and functioning. Further, about 9% of men and 12% of women reported ≥1 limitations in activities of daily living [1] . This presents a major challenge to public health, as functional impairments are an important predictor of disability [2] [3] [4] [5] , institutionalization [4] , hospitalization [3, 6] and death [7] . Hence, identifying modifiable determinants of functional ability decline is critical.
Older people spend most of their awake time in sedentary activities, defined by a low energy expenditure (≤1.5 METs) while sitting or reclined [8] . Sedentary time has been associated with an increased risk of cardiovascular disease, type 2 diabetes, cancer, all-cause and causespecific mortality [9] . Among older adults, a growing body of evidence associates sedentary behaviors with functional limitations [10] [11] [12] [13] [14] [15] [16] [17] [18] . However, most of this evidence is limited by cross-sectional designs [10] [11] [12] [13] [14] [15] . Additionally, the few existing prospective studies are either based on patients with osteoarthritis, [17, 18] focus on physical performance, [16, 17] or lack a standardized definition of frailty [18] . These prospective findings link sedentary time (measured by accelerometry [17, 18] or defined as self-reported television (TV) viewing time [16] ) to declines in gait speed and chair stand rates [17] , incident frailty [18] and lower usual walking speed in older adults [16] .
Since time spent watching TV is the main component of sedentary time among older adults, [17, 19, 20] this study assesses the prospective association between the amount of TV viewing time and a range of validated measures of physical function (i.e. overall functioning, limitations in mobility or agility, and frailty). We analyze data from 2 independent cohorts of community-dwelling older adults: the Study on Nutrition and Cardiovascular Risk Factors in Spain (Seniors-ENRICA), and the English Longitudinal Study of Aging (ELSA) cohorts. Additionally, as far as we are aware, this study is the first to examine the prospective association between other types of sedentary activities (time seated at the computer, while commuting, lying in the sun, listening to music and reading) and the risk of functional limitations.
Methods

Study population and design
Seniors-ENRICA cohort
Baseline data collection was conducted between 2008 and 2010 as part of a larger cross-sectional study named ENRICA, in which participants were selected by stratified cluster sampling of the non-institutionalized adult population of Spain. Information was collected in three stages: a phone interview, -designed to collect data on socio-demographic factors, lifestyle and morbidity-, plus two home visits. During the first home visit, nurses collected blood and urine samples. Information on functional limitations was obtained during the second home visit [21] . Participants aged ≥60 years (N = 3289) were then invited to participate in a prospective study called Seniors-ENRICA [22] . Those who accepted (N = 2614) were followed through 2012, when a second wave of data was collected. Ninety-five participants (3.6%) died during follow-up. Of the remaining 2519 participants, we excluded 18 for lacking complete data on sedentary time variables and an additional 19 who had missing information on potential confounders. Further, for analyses involving the physical component summary (PCS) of the 12-item Short-Form Health Survey (SF-12), we excluded 90 individuals who lacked information on this variable, either at baseline or at follow-up. Our final sample consisted of 2392 participants (subsample 1). Similarly, for analyses based on mobility limitations, agility limitations or frailty, we excluded individuals with no complete information on these items (n = 184, n = 117 and n = 555, respectively), as well as those who had mobility limitations (n = 734), agility limitations (n = 848), of were already frail (n = 40) at baseline. Thus, analyses were performed on 1564 (subsample 2), 1517 (subsample 3) and 1887 (subsample 4) participants, respectively. All participants provided written informed consent, and the Clinical Research Ethics Committee of 'La Paz' University Hospital in Madrid approved the study.
ELSA cohort
Established in 2002-2003, ELSA is a biennial longitudinal study representative of men and women aged ≥50 living in private households in England [23] . Participants are interviewed every 2 years and have a nurse visit every 4 years. Information on socio-demographic, psychological, cognitive and health factors is collected using computer-assisted interviews and self-completion questionnaires. ELSA is harmonized with ageing studies in other countries to facilitate international comparisons. For the current analyses we used information from 6118 participants aged ≥60 years who participated in wave 4 (2008-2009) and were followed through wave 6 (2012-2013) . In both waves, information was collected using personal interviews, and measures of physical function and anthropometry were performed during nurse visits. From the initial sample, we excluded 169 individuals without complete data on sedentary time, 77 with implausible values on sedentary time (all of them above the 99 percentile of the distribution), and 53 with no information on potential confounders. For analyses examining mobility limitations, agility limitations, or frailty, we also excluded participants with no information on those items at baseline or at follow-up (n = 1074, n = 1074, and n = 1633, respectively), as well as those with mobility limitations (n = 1667), agility limitations (n = 1743), or frailty at baseline (197) . Therefore, analyses were performed on 3078 (subsample 5), 3002 (subsample 6) and 3989 (subsample 7) participants, respectively. The National Research Ethics Service (MREC/01/2/91) provided the ethical approval for ELSA.
Study variables
A description of the main variables included in the manuscript by study cohort can be found in Table 1 .
Sedentary behavior
In the Seniors-ENRICA study, information on sedentary behaviors was obtained using the Nurses' Health Study questionnaire validated in Spain [24] . Specifically, participants were asked to recall the usual number of hours/ day spent a) watching TV; b) sitting in front of a computer; c) reading; d) listening to music; e) commuting; f ) sunbathing in summer; and g) sunbathing in winter. In the ELSA study, participants were asked to recall "How many hours of television do you watch on an ordinary day or evening, that is, Monday to Friday?" and "How many hours of television do you normally watch in total over the weekend, that is, Saturday and Sunday?" Average daily time spent watching TV was calculated as [(weekday TV time x 5) + (Weekend TV time)]/7. Additionally, participants were asked if they used a computer for internet or email.
In both cohorts TV viewing time was divided into sex-specific tertiles with the highest reflecting the highest level of sedentary behavior. The use of tertiles avoids the assumption that there is a linear relationship between sedentary time and the studied outcomes. More specifically, we have used sex-specific tertiles because of the different distribution of the studied sedentary behaviors across sexes, and to avoid creating exceedingly small subgroups.
Functional limitations Overall physical functioning
The PCS questionnaire was used in the Seniors-ENRICA cohort to assess overall function. The 4 items of the PCS evaluate four health dimensions: physical functioning, role-physical, bodily pain and general health. Subjects' answers to any given item receive a numerical score which, after coding, is ranked on a scale of 0-100. The PCS score is then standardized to a national norm with a mean of 50 and a standard deviation (SD) of 10 to allow comparing the PCS for each study participant against the mean score in the Spanish population. A higher score indicates better physical function [25] . The SF-12 questionnaire was not available in the ELSA cohort.
Mobility limitation
In the Seniors-ENRICA study we considered someone reporting mobility limitation when they provided an affirmative answer to any of the following questions: 1)"Do you experience any difficulty in picking up/carrying a shopping bag?", 2)"Do you experience any difficulty in climbing one flight of stairs?", or 3)"Do you experience any difficulty in walking several city blocks (a few hundred meters)?" [5] In the ELSA study the questions we used to define mobility limitation were slightly different. An individual was considered to report mobility limitation if they answered affirmatively to at least one of the following: 1)"Do you experience difficulty lifting/carrying weights over 10 pounds?" 2)"Do you experience difficulty climbing one flight of stairs without resting?", or 3)"Do you experience any difficulty walking 1/4 mile unaided?"
Agility limitation
This variable was assessed using the question "Do you experience any difficulty in bending/kneeling" in the Seniors-Enrica [26] , and the question "Do you experience any difficulty stooping/kneeling/crouching?" in the ELSA study.
Frailty
According to the criteria proposed by Fried et al [27] , individuals meeting ≥3 of the following criteria were considered frail: 1) Weakness: defined in both studies as the cohort-specific lowest quintile of grip strength adjusted for sex and body mass index (BMI); strength was measured with a hand held dynamometer, and the highest value in two (seniors-ENRICA) or three (ELSA) consecutive measures was used in the analyses; 2) Exhaustion: defined in both cohorts as an affirmative response to any of two statements taken from the Center for Epidemiologic Studies Depression Scale: "I felt that everything I did was a big effort in the last week" or "I could not get going in the last week" [28] ; 3) Weight loss: defined in the Seniors-ENRICA study as an unintentional loss of ≥4.5 kg of body weight in the preceding year, and in the ELSA cohort as either loss of ≥10% of body weight since wave 2 or current BMI < 18.5 kg/m 2 ; 4) Low physical activity: defined in the Seniors-ENRICA cohort as walking ≤2.5 h/week in men and ≤2 h/week in women. In the ELSA-study an overall measure of physical activity (PA) was derived by multiplying the frequency of vigorous, moderate and mild exercise by the metabolic equivalent (MET) value for each activity (6, 3 and 1.5, respectively). Low PA was defined as the lowest sex-specific quintile of the distribution of this overall measurement. Finally, the fifth criterion was slow walking speed, assessed in both cohorts by measuring the time taken to walk a distance of 8 feet at usual pace. The test was repeated and the mean of the two measurements calculated. Walking speeds in the lowest quintile of the distribution according to sex and height were defined as low gait speed.
Other variables
For both cohorts, baseline data included information on age, sex, educational status, and self-reported tobacco consumption. Participants also reported whether they had previously suffered from any of the following diseases: cardiovascular disease (ischemic heart disease, stroke, or heart failure), diabetes, chronic lung disease (asthma or chronic bronchitis), or osteomuscular disease (osteoarthritis or arthritis). Baseline weight and height were measured using standard methods. We calculated BMI as (weight in kg)/ (height in m) 2 . Normal weight was defined as a BMI <25, overweight as a BMI between 25-29.9, and obesity as a BMI ≥30.
In the Seniors-ENRICA cohort, food consumption was assessed with a computerized validated diet history developed from that used in the EPIC-cohort study in Spain [29] , and adherence to the Mediterranean diet was summarized using the Mediterranean Diet Adherence Score (MEDAS) index. [30] We used Spanish food composition tables to calculate energy intake [29] . Unfortunately the ELSA-study did not include a diet history.
For Seniors-ENRICA participants, PA information was gathered using the EPIC-cohort questionnaire [31] and summarized according to the Cambridge Physical Activity Index. [32] The Cambridge index includes four categories of the sum duration of walking, cycling, and sports (hours/week); this sum is then cross-tabulated with occupational PA categories to assign participants into one of four groups (inactive, moderately inactive, moderately active, and active). Alternatively, the average number of hours/week spent in vigorous PA was used. How we defined the overall measure of PA for ELSA study is described above (see Frailty section).
Statistical analysis
The association between baseline TV viewing time (modeled as tertiles) and PCS at follow-up was assessed using linear regression. In addition, we used logistic regression to evaluate how TV viewing time was associated with incident agility or mobility limitations and with frailty. Two regression models were built in each case. Model 1 adjusted for age, sex, and education; model 2 further adjusted for BMI, tobacco consumption, PA (using either the Cambridge index or the average number of hours/week spent in vigorous PA in the seniors-ENRICA cohort; and an overall measurement of PA in the ELSA study), cardiovascular disease, diabetes, chronic lung disease, and osteomuscular disease. In the Seniors-ENRICA study, model 2 also controlled for total energy intake and the MEDAS index. Linear regression models with follow-up PCS scores as dependent variable further adjusted for baseline PCS scores. Finally, the association between TV viewing time and onset of each individual frailty criterion was evaluated using logistic regression models controlling for the same covariates as in model 2 above. All aforementioned potential confounders were time-constant variables measured at baseline
We performed a random effects meta-analysis to combine the effect sizes obtained in both cohorts.
Between-cohort heterogeneity was tested with the Chi-square-based Q statistic and quantified with the use of the I 2 statistic [33] . Linear trends were evaluated using the generalized least squares for trend estimations of summarized dose-response data.
Using likelihood ratio tests, we tested for the potential interaction between TV watching tertiles and indicator variables for the following subgroups: sex (men/women), BMI (<25/25-29.9/≥30), leisure time PA (inactive/active), and diabetes (no/yes). These analyses were adjusted for the same covariates as model 2 above.
Results Tables 2 and 3 show the distribution of TV viewing time according to baseline characteristics of study participants in the Seniors-ENRICA and ELSA cohorts, respectively. In Table 4 , we present results regarding TV time and limitations in physical function. As results from basically-adjusted models (sociodemographic variables only), and fully-adjusted models were similar, we emphasize fully-adjusted results throughout. Tables S1 and S2) .
Results for the association between TV time and each individual frailty criterion are shown in Table 5 . The OR (95%CI) from pooled analyses showed a non-statistically significant increased risk of exhaustion (1.16 (0.98, 1.38)) and low PA (1.17 (0.90, 1.52)) among individuals in the third tertile of TV time. Further, we observed an increased risk of weakness (p = 0.02) as time spent watching TV lengthened.
As ancillary analyses, we examined associations between five types of sedentary activities (other than watching TV) such as time seated at the computer, while commuting, lying in the sun, listening to music, and reading, and the risk of functional limitations (Seniors-ENRICA study); and the association between internet usage (no/yes) and the risk of functional limitations (ELSA cohort). Fully-adjusted analyses yielded no associations between most of these activities and physical function (Table 6 ). However, computer use seemed to have certain beneficial effect in both cohorts. Time seated at the computer showed a trend toward more favorable SF-12 scores (p = 0.05), and internet usage was associated with a decreased risk of agility limitations (OR: 0.76; 95% CI:0.62,0.93) and frailty (OR:0.64; 95% CI:0.43,0.95).
Discussion
Our results show an association between time spent watching TV and an increased risk for unfavorable outcomes in physical functioning. These associations persisted after accounting for a range of covariates, including physical activity.
Cross-sectional studies have recently linked time spent watching TV with lower (worse) PCS scores (SF-36) [12] , lower mean grip strength, [11, 14] lower timed Up-&-Go scores [11] , and higher prevalence of IADL [10] and ADL [13] limitations in older adults. Further, evidence from newly-published longitudinal research deems sedentary time as a likely risk factor for functional decline [16] [17] [18] . Of these studies, two are based on the Osteoarthritis Initiative database, and connect accelerometer-based total sedentary time with declines in gait speed and chair stand rates [17] , as well as with incident frailty, defined as low gait speed (<0.6 m/second) or inability to perform a single chair stand [18] . The third study, using data from 8,623 communitybased participants enrolled in the EPIC-Norfolk, ascertained that watching TV for longer times is associated with lower usual walking speed, but not with lower grip strength [16] .
Our results support the existence of a direct association between sedentary time and physical weakness, while contributing evidence indicating that time spent watching TV may be an important risk factor of agility limitations and frailty. Our results also suggest that health policy interventions should target heavy television viewers. In this subpopulation, just relatively small reductions in time in front of the TV set (i.e., moving from the third to the second tertile of TV viewing) could substantially reduce the risk of suffering physical limitations. Whereas the adverse consequences of excessive time spent watching TV could be palliated by increasing moderate or vigorous physical activity [34] ,the fact that our associations were independent of physical activity level suggests that harmful effects may also be reduced with no substantial modification of total activity For instance, by replacing time spent seated or reclined watching TV with time in a standing position browsing the computer screen. Future research should assess the feasibility and effectiveness of such interventions.
In contrast to our TV time-related findings, we failed to discern additional associations between other sedentary activities and functional limitations. Findings from 25-29.9 , ≥30 kg/m2), tobacco (never, former, current smoker), Mediterranean Diet Adherence Scale (MEDAS) index, total energy intake (kcal/day), physical activity, cardiovascular disease, diabetes mellitus, respiratory disease and osteo-muscular disease. All linear regression models were also adjusted for the baseline PCS score. Note that in the ELSA study no adjustment was made for the MEDAS index or for energy intake a I 2 > 30%; data should be interpreted with caution. Beta coefficients and their 95% confidence intervals were obtained from multiple lineal regression models. Odds ratios and their 95% confidence intervals were obtained from multiple logistic regression models Results from the two cohorts have been pooled using random-effects meta-analysis Table 5 Association between television viewing time at baseline and risk of each frailty criterion in two independent cohorts of community-dwelling older adults Odds ratios and their 95% confidence intervals were obtained from multiple logistic regression models Models were adjusted for age, sex, educational level, body mass index (<25, 25-29.9, ≥30 kg/m2), tobacco (never-, former current-smoker), total energy intake (kcal/day), Mediterranean Diet Adherence Scale (MEDAS)
index, physical activity, cancer, diabetes, cardiovascular disease, osteomuscular disease and chronic respiratory disease. Note that in the ELSA study no adjustment was made for the MEDAS index or for energy intake a I 2 > 30%; data should be interpreted with caution Results from the two cohorts have been pooled using random-effects meta-analysis 25-29.9 , ≥30 kg/m2), tobacco (never-, ex-, current-smoker), total energy intake (kcal/day), MEDAS index, physical activity, cancer, diabetes, cardiovascular disease, osteomuscular disease and chronic respiratory disease. All linear regression models were also adjusted for the baseline PCS score. Note that in the ELSA study no adjustment was made for the MEDAS indexor for energy intake Results from the two cohorts have been pooled using random-effects meta-analysis previous cross-sectional research in older adults discriminated between associations of passive sedentary time (TV time, listening or talking while sitting, and sitting around) and mentally-active sedentary time (consisting of computer-use and reading books or newspapers) with health-related attributes, such as obesity and moderatevigorous activity [20] . Similarly, cross-sectional findings from the ELSA cohort (wave 4) indicate that whereas internet usage was associated with stronger grip strength, time spent watching TV was linked to weaker strength, supporting our TV time-related results. The reasons behind these contrasting associations are not known. A potential explanation is that watching TV entails specific health risks beyond those expected from being seated [35] . Also, one could speculate that the amount of time spent watching TV is more easily recalled than other sedentary activities, that the time spent in these behaviors is relatively small (making it difficult to assess their full impact on health), or that these behaviors differ from TV watching in their association with potential confounders; thus adjusting for the same set the covariates may lead to different residual confounding. TV watching could influence the risk of functional limitations through several mechanisms. First, longer periods of time spent sitting have been associated with a greater risk of sarcopenia [36] , a major cause of functional limitations in the elderly [37, 38] . Actually, time spent sitting or lying down is the only state characterized by absence of muscle contraction, which may affect muscle metabolism independently of total PA. In fact, experimentally reducing normal spontaneous standing and ambulatory time had a much greater effect on the regulation of skeletal muscle lipoprotein lipase (important for controlling plasma triglyceride catabolism, HDL cholesterol, and other metabolic risk factors) than adding vigorous exercise training on top of normal nonexercise activity [39] . Second, sedentary behavior has been related to a higher risk of several pathologic conditions (e.g., cardiovascular disease), themselves important risk factors for functional limitations [40] . Finally, there is some evidence that sedentariness increases inflammation [41] which, in turn, may play a role in the development of functional limitations [42] .
Cross-sectional studies focusing on characteristics of sedentary behavior other than its duration showed that daily breaks in sedentary time are associated with better leg function [43] , improved lower limb extensor muscle quality [44] , higher scores in the Senior Fitness Test [45] , and lower risk for ADL impairments [45] . In this context, several intervention studies evaluating the feasibility of increasing the number of breaks in prolonged sedentary time are being conducted, with encouraging results [46, 47] . Recently, a published meta-analysis of randomized controlled trials also showed the effectiveness of step-counter use in walking programs to reduce sedentary time among older adults [48] . Future research should assess whether appropriate interventions addressing sedentariness can reduce the risk of functional limitations.
Our analysis has several strengths. First, the Seniors-ENRICA and ELSA cohorts had a prospective design, which allows for the appropriate time sequence between sedentary time and functional limitations. Second, in both cohorts physical function was ascertained with validated measures, including a standardized definition of frailty according to the Fried criteria, and physical performance tests were conducted by trained staff under standardized conditions. Finally, we considered a wide variety of function impairments, from less severe problems such as mobility or agility limitations, to more severe, such as frailty.
The main limitation of the study was its reliance on self-reported information. And, we could not evaluate the presence of breaks in sedentary time, which, as mentioned above, may be an important factor in the associations examined. Also, we could not evaluate the association between sedentary time and PCS score in the ELSA cohort since the SF-12 questionnaire was not available. Finally, although we adjusted our results for a large number of potential confounders, certain residual confounding cannot be ruled out because TV watching is strongly associated with the presence of unhealthy behaviors (i.e. unhealthy diet) [49] , and with lower socioeconomic status [50] , factors that have been associated with impaired physical function.
Conclusions
Our study suggests that time spent watching TV is associated with an increased risk of several functional limitations in older adults. Thus, our study adds to current knowledge on sedentary behavior and its harmful effects by focusing on outcomes other than diseases, and suggests that replacing TV time by time spent standing or in light or more intense physical activity, according to the abilities of each individual, could delay physical impairment in the old age. Notwithstanding this, prospective studies including objective measures of sedentary behavior and characterization of breaks in sedentary time should further evaluate the relationship between sedentary behavior and physical limitations.
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